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t A. Range of Applicability for the Photometric can be shown (Ref. 1) that the directional derivative of

! Method of Topographic Mapping, T.Rindfleisch the length of the vector to a point with respect to dis-
tance in the image plane is given by

I. Summary

In Ref. 1 a method is discussed for extracting topo- d (ln r) 1 (_'._) [_ x (N X 3)] .S, (1)
graphic information about the Moon for monoscopic _ ='F- (N. _)
photographs using a knowledge of the lunar photometric

properties (Bef. 2). This method is attractive for space The symbols in Eq. (1) are denned (see Fig. 1) as
applications since it does not require the redundant

photographic coverage used in stereoscopy, but requires r = the position vector to an object point (to be de-
instead a detailed knowledge of the surface photometric termined)
properties. In applying the method to the lunar surface,
it was necessary to use certain symmetry properties of , = the length of r (to be determined)
the lunar photometric function to integrate the general ^ ^r = a unit vector along-r; r = -r/e (known from
differential equation. The purpose of this note is to image goometry)
examine the applicability of the method to surfaces with
photometric properties different from those of the Moon. F = the focal length of the camera lens (known)

The conclusion will be that only a slight generalization _ = a unit vector along the optical axis (known)
in photometric function symmetries from those of the ^

, Moon is possible while still being able to integrate the Sr = a unit vector in the image plane along the dime-
basic equation, tion of differentiation (arbitrary) A

$ = a distance variable in the image plane (along ST)
, ^

2. Discu.sion N : a local unit normal to the object surface (un-
Representing points on an object surface by position known except through the surface photometr/c

vectors with respect to the center of the camera lens, it properties and the recorded picture brightness)
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Fig.1. Definitionof image geometry

If the direction N were known, the right side of Eq. (1)
could be evaluated for any direction _r in the image N-plane. However, the only information about N that is _ X'_

"; i actually available comes through the surface photometric "-'--'sin1_
} function

-_ b = b(N, _. (2)

which expresses the apparent brightness b as a function
of the relative orientations of the surface normal direction

_, the viewing direction 9, and the illumination direc-
tion _ (it is assumed the illumination is uniform, col-
limated, and from a known direction).

i

Since it takes two angles to specify the direction N,
Eq. (2) and a given observed sudace_,,brightness b are
insufficient to completely determine N. Thus the fight "_

side of Eq. (1) eannotAbe evaluated for an arbitrary dil-

l ferentiation direction Sr using _ photometric irdorma-

" tion. The problem is to determine the conditions under _ a
- which a direction Sr can be found so that Eq. (2) can be

used to integrate Eq, (1). (Ref. 1 discusses the solution
for the lunar ease.) • ?

It is convenient to describe the photometric geometry g
in tenm d the angles a, #, and g used in Ref. 1 and
shown in Fig. 2. Fill. 2. Definitionof photometdcangles
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Using these angles, Eqs. (1) and (2) become It is also convenient to decompose the_vector Sr along a
coordinate system with basis vectors r, ,- x r)/sm g, and

/_ ^ [_ X (_ X _)]/sin g as shown in Fig. 3. Letting 8 be a
d (]nr)= I (r. z) ) cot /3 {R X r_ ^
d'--S" "-F- 1_ \_] - tan _t measure of the direction of Sr (i.e., the angle between

• the component of S.r perpendicular to _ and the basis
A vector [_ X (_ v " •,-. e)]/si.n g), one can write

× "_x k_JJ( .s,. (la)

Sr:-(ST'_)_+ V'I- " [sin'(R-x-?'_and (St "_)= sin g ]

b = b(ft, fl, g) (2a) + c°s8 ( _X sln(R X_))1-g (3)

where

_. sin_ r'_ • -
^ sin gs,._ = "

(_" z__ + sin a (_ 4 cos S
sin g sin g

Substitution of Eq. (3) into Eq. (la) yields

,, -x--_,_ [ cot hi . ]d (!nr)= 1 (_,.z) l_--($r'r) _ _sma-tanac°sS (4)_ a--g T

7 x (;xT)

7 .in e

I OPTICAL AXIS

OF L(NS

PLANE

Fig.3. Coordinate decomposition of_r

204 JPL SPACEPI.,,')GIIAMSSUMMARY 37.44, VOL IV i

l
[

,i
. ilnlm ............ ..........

1967019812-215



sinethe,opraphyisidcendentofthem,aorientation, in order to integrate Eq../4), both the angle 8
and the quantity 4_,where

cot fl sin 8 - tan a cos 8 /.//- cos. I

I

must be derivable from the known phase angle g and the / I
measured brightness b related through Eq. (2a). Thus, I

to proceed with the integration, there must exist relations / /
of the form / /

/ t

and

which can, in principle, be inverted to give,

b _ b(#,g)

I (5) Fig.4. Rotatedphotometricgeometry

8 = s(_,.)
: It will be noted that this situation is a generalization of

the lunar case for which 8 _-=-0, ,k _ - tan ct, and, as ob-
Thus, for constants b and g, _ and 8 must be constant so served experimentally (Ref. 2),

_ that isophotes are given by

b = b(a, g)

cot/J sin 8 - tan tt cos S = constant (6) The physical consequences of a case different from thecoS Iz

Moon (8 = 0) are most easily visualized by considering the
and topology of isophotes on e sphere having the hypothetical

photometric properties (see Fig. 5). For given illumina-
tion and ,,iewing directions and assuming _ _ 0, isophotes

g, 8 = constants
will be great circles inclined to the plane containing g
and tntersec:ting the terminator (note that for 8 = 0, the

Eq. (6) determines the locus of a and # for which the isophotes run parallel to the terminator in a spherical
hypothetical surface must exhibit constant brightness. It sense; i.e., the isophotes are a family ot great circles with
is straightforward geometry to show that in a coordinate a common diameter). The isopbotes must also be sym-

It system rotated an angle 8 opposite to a right-h,nd screw metric above and below the plane of g, as is clear from
about the axis 9 of Fig. 2, Eq. (6) takes on the simple form the previous discussion.

Certainly, Lambertian-like matt surfaces de. not exhibit

tan a' = constant (Sa) such properties. Whether or not surfaces of bodies of the
solar system other than the Moon exhibit this type of
symmetry is an open question, since little detailed photo-

wh_,e the angle a' is the azimuth of _ in the rotated metric information is available because of poor resoh-
system (see Fig 4). t/on, angular variation, and atmmspherm.
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Ever since television systems have been requirecl to
operate at data rates lower than standard televisie, rates
(525 line, 60 fiekls/sec), problems have arisen with the
image sensor. The very low data transmission rate frol.n
planetary spacecraft placos very special requirements on
image sensors to 1)cused in scientific ilJstruments, In par-
tict,!ar, residual signal (erase) and im_.ge storage are very
important ilaage quality characteristic:, of a slow-scan
vidicon. Res!dual signal, which refers to the signal re-
maining after one expose-read cycle, is important since

• residl,d si_znal from a previous exposu . will appear in
the picturt, as coherent noise a._d decreu:,, the s;gnal-to-
noise ratio. Image storage, wh ;,'_ refers to the signal
remaining after a long period of time between expost;':e
and readout, is important since the vidicon signal output
at the bottom of the frame should be equal to the _i_,al
at the top of the frame (excluding beam landing errors
and optical vignetting effects). Additionally, the preserva-
tion of fine detail for long periods is associated with
image storage.

, Fig.$. Isophoteson a spherewith generalized ". TestProcedura

photometricproperties The following procedur," was used to evaluate image
storage and erase of nine slow-scan vidieons. The pro-

3. Conclusion cedure was designed to determine long-teim image stor-
age capability and the ability of the photoconductor to

It has been shown that the geometrical equation derived recharge to cathode potential so as to erase the previously
in Ref. 1 can be integrated photometrically only for a exposed image.
class of smfaces having reflectance properties that ar ,_ a

simple generalization of those of the Moon. Clearly ex- The vidicon was o_erated in a 950-line, 8.33-msec/line

eluded from this cla.,s are Lambertian-type matt surfaces slow-scan mode usilig a calibrated shutter of 60-msee
typified by finely divided materials. It is not well known exposure time. The video bandwidth was set at 100 kHr,.
if lunar photor, letric properties are common to other
soils of the selar system. Earth..type soils do not exhibit a. Re,dual dgna/ te_. A h/gh-contrast, small area,
photometric properties similar to those of the Moon, indi- black bar pattern was imaged on the vidieon target, using a
ca(ing that erosion processes may be important. In an_ calibrated slide illuminator and a calibrated 50-rnm lem.

ease, the applicability of the photometric method for The faeeplate illumination was calculated to be 0.076-ft-c
topographic mapping appears to be severely limited. see at f/5.6. The phot_-onduetor was allowed to com-

pletely recharge; then one single exposure was taken.
Single-line photographs of the ,.'enter of th... raster were

B, Residual Signal and Image Storage of Several taken of the initial, se,._)n_, th/rd, and fou;th readouts.
Slow-.T_.on Vldlcons, I. x. llak_ The ratio of signal remaining to ip.itia_ signa! was mea-

l. Introduction surc_:]from the photographs.

As a part of the photosensor evaluation supporting b. Image _ral_e hn,_. The same test pattern was used
t.wJearch program,' a series of tests were perfmmed on as in the residual signal test, and the faceplate/llumina..
various slow-scan vtdtcons, l'he purpose of these te_b tion was 0.076-ft-_ see. The photocondu.ctor was allowed :
was to obtain a better understend/ng of the physical to completel;, recharge; then the beam current wax cut off i
problems of vidicon operation at slow scanning rates, by applying -140 v to the vtdicon control grid, mud •

singleexposurewu taken.AfterwaitingaImKlet_
'NASAWokUnit]_.14-O].m. lengthof t/me,the controlgrid biaswas set to nmm,d.
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Table 1. Test results

T
Residual, % Image storage, %

Vidicon Vidicon Vidicon
Use Photoconductor

serial No. manufacturer type

Z07731 Experimental Modified A$OS RCA 77350
sterilizable

Z12227 Experimental Modified A50$ 53 30 70 RCA 77350
sterilizable

2125858 Rangers VI-IX ASOS 15 10 21 0 RCA C74072

9-23-271 General Se C 0 100 87 West WL7290

slow-scan

3-6-67.5 Experimental $e C 100 41 West WX4783

Ranger

253843,5 General Modified Se C 63 44 I 34 32 GEC TD13611

Islow-scan

2538450 General Modified Se I _ 100 92 J 83 80 GEC TD! 368

Islow-scan

0473122 MarinerMa:s Mcdified $e 23 I 9 100 100 J 89 1189 I GEC TD1342-011

I I1969

0473132 MarmerMars ModifiedSe 39 I 12 .7 98 I02 ] 98 GEC TDI342-011

___L1969

b

A photograph of a single line of video was taken from Table 2. Signalremovalvia scanni,g
the center of the raster. The signal amplitude at the end !
of the image storage period was compared to the non- hsiduaasie,,,I rema,,l, %
stored signal amplitude. The storage times used were 30, Vidico.
oo_",90 and 120 sec. The results of these tests are g_-'ven serialNo. 2ndreadtO3rd 3rdmadtO4th 2ndreadto4th
in Table 1.

Z07731 34 31 54

3. Summaryand Conclusions Zl2227 27 43 59
212585S 52 33 68

A number of conclusions can be drawn from the test

i results. The physical operation of antimony-sulfide-oxide- 9-23-271 i00 -- --
sdfide (ASOS) and selenium-based photoconductors is 3-6.675 100 -- --

substantially different. ASOS is a modification of the 2536436 100 -- --

' standard Sb_S3 photoconductor and operates as a very 2538450 62 38 77

"laggy" vidicon; it does not exhibit true charge storage. 0473122 58 100 --

The selenium-based photoconductors generally show a 0473132 69 11 75

lower residual signal and better image storage, indicating ....
an operation closer to true charge storage. The effect is
probably due to higher resistivity and fewer electron
traps in selenium-based photoconductors. The percentage The tests discussed in this report were carried out on a
of signal removed during each scan is shown in Table 2. small sample of vidicons and are not entirely condusive.
These data show that ASOS photoconductors have less However, additional tests are not expected to show any
signal removed per scan than the other photoconductors, change in the existing trends. The low storage and high

i verifying the "lag" and "stickiness" of ASOS. In other residual image characteristics of ASOS are parameters

words, ASOS not only has a higher residual signal, but that have caused and will continue to cause great ditB-
retains the residual signal for a longer period of time. culties in the design of future television instruments.

JPL SPACEPROGRAMSSUMMARY 37-44, VOL. IV 207

!

,i m i ........ .....

1967019812-218



- i

It should be noted that although selenium has very problem. Modified selenium will go to 55°C and has

attractive image quality characteristics, it has an abso- good image characteristics, and is therefore a photocon-

lute upper temperature limitation of 45cC. This is too low ductor that finds acceptance and application to inter-

for planetary spacecraft, where temperature control is a planetary photography
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